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Abstract
A study of the possibility of X(3872) as a hybrid state of cc¯g is presented. The
associate productions of X(3872) and J/ψ in hadron collisions and flavor Independence
of hadrons in ee+ → X(3872) + hadrons and the decays X(3872) → γ + hadrons are
discussed. It is pointed out that X(3872) → J/ψ + σ could be a significant decay
channel.
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X(3872) has been discovered by the Belle Collaboration[1] in the channel
B± → X(3872)K±, X(3872)→ J/ψπ+π−.
The mass of X has been determined to be
mX = 3872.0± 0.6± 0.5MeV.
The decay width of X(3872) is less than 2.3 MeV at 90% C.L.[1]. This discovery has been con-
firmed by CDF[2], D0[3], and BABAR[4] Collaborations. Different theoretical conjectures
have been proposed for X(3872): a charmonium state[5], a molecular state[6], and a hy-
brid charmonium state[7]. However, there are challenges from experimental measurements.
Charmonium state should have a large radiative transition rate, X(3872) → χc1γ, which
has not been observed by Belle[1]. The molecular state, DD¯∗, besides neutral state there
should be charged molecular states, X±, which decay to J/ψπ±π0. Recently, the BABAR
Collaboration[8] has reported the measurements
B(B¯0/B0 → X±K∓, X± → J/ψπ±π0) < 5.8× 10−6
B(B± → X±K0S, X± → J/ψπ±π0) < 11× 10−6
at 90% level. Charged X± have not been found.
On the other hand, the BABAR results implicate if π+π− in the decay X(3872) →
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J/ψπ+π− comes from a isovector, ρ0, then
B(B → X±K,X± → J/ψρ±) = 2B(B → XK,X → J/ψρ0) = 2(1.28± 0.41)× 10−5
which is much greater than BABAR’s experimental results[8]. Therefore, X(3872) is not a
isovector. To confirm the isoscalar state of π+π− it is necessary to search for X(3872) →
J/ψπ0π0 and to see whether
B(B → X(3872)K,X(3872)→ J/ψπ0π0) = 0.5×B(B → X(3872)K,X(3872)→ J/ψπ+π−)
= 0.5× (1.28± 0.41)× 10−5.
In this letter possible tests of X(3872) as a cc¯g hybrid state are studied. According to
Ref.[7], if X(3872) is a cc¯g hybrid state the dominant strong decay mode is X(3872) →
J/ψ+ gg, gg→ π+π−. The G-parity of X(3872) is -1. Obviously, in the chiral limit ρ meson
cannot be produced by two gluons. Therefore, BABAR’s measurements[8] are supported by
the mechanism of X(3872)→ J/ψ+ gg. The decay mode X(3872)→ J/ψ+ σ is allowed by
this mechanism. The measurement of X(3872) → σ is significant. Recently, BELLE[9] has
reported a new measurement
B → X(3872)K,X → J/ψπ+π−π0.
”X → J/ψω occur via virtual ω’s and the 3π masses cluster at the kinematic limit”[9] and
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it has been determined
Γ(X → J/ψω)/Γ(X → J/ψπ+π−) = 0.8± 0.3± 0.1.
Within the experimental errors the rates of the two decay modes are at the same order of
magnitude. If X → J/ψ3π is a strong decay mode, the G-parity of X(3872) is positive, which
is contrary toG = −1 determined byX → J/ψ+2π. It is possible that one of these two decay
modes violates the conservation of G-parity. It is well known that G-parity violation is caused
by either md−mu or electromagnetic interactions. However, the effects of G-parity violation
is only about few percent and it is about 2σ deviation from the central experimental value[9].
In order to solve the puzzle of G-parity besides to improve the experimental accuracy, we
propose to measure another decay mode B → X(3872)K,X(3872)→ J/ψπ0γ. IfX(3872)→
J/ψπ+π−π0 is indeed the process X(3872) → J/ψω, ω → π+π−π0[9], then it should be
expected
Γ(X → J/ψω, ω→ π0γ) ∼ 0.1Γ(X → J/ψω, ω→ 3π) = 0.1(0.8±0.3±0.1)Γ(X → J/ψπ+π−).
As a matter of fact the strong decays of X(3872) are allowed. Therefore, the issue of the
G-parity mentioned above is not for hybrid state only and it is a very general problem.
The hybrid charmonium has been studied by various theoretical approaches[10,7]. The
mass of cc¯g is at about 4GeV. The main decay channel of cc¯g is J/ψgg. Therefore, the decay
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width is narrow. As suggested in Refs.[7] cc¯g can be found in B decays. One of the signature
decay channel of cc¯g is J/ψπ+π−[7]. All these three properties of cc¯g agree with X(3872).
In this letter we further explore the possibility that X(3872) is a hybrid state of cc¯g. We
propose to study more processes in which X(3872) is involved to collect more information.
X(3872) has not been found by CLLEO’s γγ fusion experiment[11], γγ → X → J/ψπ+π−
(2J + 1)ΓγγB(X → J/ψπ+π−) < 16.7eV.
If X(3872) is a hybrid of cc¯g and the dominant decay channel is J/ψgg. Qualitatively there
should be strong suppression on the coupling between γγ and J/ψgg. On the other hand, for
the channel J/ψgg → J/ψπ+π−(there is already suppression from the hadronization of two
gluons) J/ψ can couple to a photon and because Bose statistics isoscalar ππ cannot be spin-1
and a real photon cannot couple to the pion pair of the coupling XJ/ψπ+π−. Of course, J/ψ
and charged pion can couple to a photon respectively. Therefore, γγ → X(3872) + π+π− is
allowed.
X(3872) has been found by CDF[2] and D0[3] in pp¯ annihilations pp¯→ X+ .... If X(3872)
is a cc¯g hybrid state, the dominant coupling is X(3872)J/ψgg. The associate production of
X(3872) and J/ψ should be expected in hadron collisions. This associate production can be
understood by the mechanism of fusion of two gluons: gg → X + J/ψ. In the parton model
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the cross section of the associate production of X(3872) and J/ψ is written as
σ(h1+h2 → X+J/ψ+...) =
∫
1
x1min
∫
1
x2min
dx1dx2{Gh1g1 (x1)Gh2g2 (x2)+Gh1g2 (x1)Gh2g1 (x2)}σ(g1+g2 → X+J/ψ),
(1)
where Ghg (x) is the gluon distribution function of hadron and
x1min = (m1 +m2)/S,
x2min = (m1 +m2)/(x1S),
m1, m2 are the masses of the two hadrons, S = (p1 + p2)
2. In this process X(3872) decays
to J/ψππ. Therefore, two J/ψ’s are produced in hadron collisions. D0 has measured the
distribution of the transverse momentum of X(3872)[3]. Model is needed to calculate p⊥
distribution. Using the parton model(1), it is obtained
d2σ
dp2⊥
(h1 + h2 → X + J/ψ + ...) = 1
16Sπ2
∫
1
x1min
∫
1
x′
2min
dx1dX2{Gh1g1 (x1)Gh2g2 (x2) +Gh1g2 (x1)Gh2g1 (x2)}
1
x1x2
1
p‖EJ + p‖(J)EX
|T |2, (2)
where p⊥ is the transverse momentum of X, p‖ and p‖(J) are the components of the momenta
of X and J/ψ along the direction of the momentum of h1 respectively,
x′2min =
1
x1S
{(m2X + p2⊥)
1
2 + (m2J + p
2
⊥)
1
2},
p‖ = (x1 − x2)
√
S
2
− p‖(J),
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p‖(J) can be determined by energy conservation, T is the matrix element of gg → X + J/ψ.
Obviously, the distribution of the transverse momentum of X(3872) can be used to determine
the spin of X(3872). The determination of the spin of X(3872) is beyond the scope of this
paper.
Now we study the electromagnetic decays and productions of X(3872). It is known that
J/ψ can couple to a photon. A mechanism of the VMD[12] of J/ψ is expressed as
LJ/ψγ = egJ{−1
2
F µν(∂µJν − ∂νJµ) + Aµjµ}, (3)
where jµ is a hadronic vector current. According to Ref.[12], the VDM(3) is equivalent to
the substitution
(J/ψ)µ → egJAµ. (4)
Using this substitution(4) in the Lagrangian in which there is the field of J/ψ, the current
jµ is obtained. The constant gJ of Eqs.(3,4) is determined by fitting J/ψ → ee+
gJ = 0.0887.
J/ψ → ηc + γ and ηc → γγ can be used to test the VMD of J/ψ(3,4). The amplitudes of
these two processes are connected by the VMD(3,4).
LJ/ψ→ηcγ = e
A
mJ
ηcǫµναβ∂
µJν∂αAβ,
Lηc→γγ = e2gJ
A
mJ
ǫµναβ∂
µAν∂αAβ. (5)
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The parameter A is determined by Γ(J/ψ → ηcγ)[13] to be
A2 = 3.06(1± 0.34).
From Eq.(5) it is obtained
Γ(ηc → γγ) = 11.2(1± 0.34)keV.
The data[13] is 7.44(1 ± 0.5)keV . Theory agrees with data within the experimental errors.
It is not the purpose of this letter to present a complete study of the validity of the VMD
of J/ψ in charm physics. We just use Eqs.(3,4) to discuss the electromagnetic decays and
productions of X(3872).
If X(3872) is a cc¯g state, using Eq.(3,4), the amplitude of X → γ + gg is obtained from
X → J/ψ+ gg. The phase space of X → γ + gg is much larger than X → J/ψ+ gg. In the
radiative decays of X the light hadrons are produced through the process gg → hadrons. In
the limit mq → 0 (mq is light current quark mass) flavor independence should be expected in
X → γ + gg, gg → σ, 2π,KK, η′, pp¯.... The main component of η is SU(3) octet the rate of
gg → η should be small. As a matter of fact BABAR[14] has reported a search for X(3872)
in B → X(3872)K,X(3872)→ J/ψη and only an upper limit has been determined
B(B → X(3872)K → J/ψηK) < 7.7× 10−6
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at 90% level. From flavor independence of gg → hadrons we could expect
B(X → γππ)/B(X → γKK) ∼ 1 (6)
B(X → γη)/B(X → γη′) ∼ sin
2θ
cos2θ
= 0.13, (7)
where θ is the mixing angle of η and η′. Here θ = −200 is taken , which is obtained from
the fit of the decay rates of η → γγ and η′ → γγ[15]. Flavor independence of the radiative
decays of X(3872) is a very important feature of the hybrid state cc¯g.
The flavor independence of the cc¯g state can be tested in the production of X(3872) in
ee+ → X(3872) + gg, gg → σ, 2π,KK, η′, pp¯, .... According to the VMD of J/ψ, a photon
can couple to Xgg directly and to J/ψ first and J/ψ couples to Xgg. The cross section of
ee+ → X + gg, gg→ hadrons is written as
σ(ee+ → X+hadrons) = 3πα(gJ)2
√
q2
q4
m4J + q
2Γ2J(q
2)
(q2 −m2J)2 + q2Γ2J(q2)
Γ(J/ψ → X+Hadrons), (8)
where
Γ(J/ψ → X+Hadrons) = 1
3(2π)3(2π)3n
∫
d3pXΠid
3pi(2π)
4δ4(q−px−pf)| < fX|L|J(q) > |2,
(9)
q is the total momentum of ee+, pf is the total momentum of hadrons. The matrix element
< fX|L|J(q) > is related to the process X → J/ψgg, gg → hadrons. Model is needed to
calculate it. We emphasize to use these processes to see whether there is flavor independence
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in ee+ → X + f where f could be σ, 2π,KK, η′, pp¯...
σ(ee+ → Xππ)/σ(ee+ → XKK) ∼ 1 (10)
σ(ee+ → Xη)/σ(ee+ → Xη′) ∼ sin
2θ
cos2θ
= 0.13, (11)
We can estimate the order of magnitude of the cross section of ee+ → X(3872) + hadrons.
At the total energy of BEPC, 4.4GeV, the only decay channel is X(3872) + π+π−(σ). If
taking Γ(J/ψ → X(3872) + π+π−) ∼ 1MeV
σ(ee+ → X(3872) + π+π−) ∼ 2.3× 10−3nb.
If the energy of ee+ is about 10 GeV, more decay channels are open and the phase space is
much larger. If taking Γ(J/ψ → X(3872) + hadrons) ∼ 1GeV
σ(ee+ → X(3872) + hadrons) ∼ 6× 10−2nb.
If the energy of photon is above 4 GeV(Jlab for example) then the photoproduction of
X(3872) is another interesting process
γ + p→ X(3872) + p,
where the VMD of J/ψ(3,4) can be used to determine the coupling between photon and
X+hadrons. In this process the interactions between X(3872) and proton are through σ, ππ,
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KK, η′ .... There is also
γ+p→ X(3872)+π++n, γ+p→ X(3872)+K++Λ(Σ0), γ+p→ X(3872)+K0+Σ+....
There are charged pion and kaon exchange respectively.
In summary, the associate productions of X(3872) and J/ψ in hadron collisions, X(3872)→
γ + lighthadrons, and ee+ → X(3872) + lighthadrons are proposed to study the nature
of X(3872). If X(3872) is a hybrid state cc¯g the couplings X(3872) → J/ψ + gg and
X(3872) → γ + gg are expected. There is flavor independence for the hadrons produced
by two gluons, which can be tested. The photoproductions of X(3872) are worth an atten-
tion. X(3872)→ J/ψ + σ is a significant decay channel.
This work is supported by a DOE grant.
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